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Carrier system in the form of protein-based nanoparticles 
for the cell-specific enrichment of pharmaceutic ally active 



The invention relates to a carrier system for pharmaceuti- 
cally active substances which is suitable for cell-specific 
enrichment of pharmaceutic ally active substances and which 
is present in the form of avidin-modif led nanoparticles 
based on protein, preferably based on gelatine and/or serum 
albumin, particularly human serum albumin (HSA) , to which 
biotinylated antibodies are bound by formation of a stable 
avidin-biotin complex and wherein additional bonding of 
pharmaceutically active substances to the nanoparticles can 
take place both covalently, or by complex formation via the 
avidin-biotin system, as well as by incorporation or ad- 
sorption. 

Nanoparticles are particles of a size between 10 and 
1000 nm of artificial or natural macromolecular substances 
and to which medicinal substances or other biologically ac- 
tive materials can be bound covalently, ionically or ad- 
sorptively, or in which said materials can be incorporated. 

EP 1 392 255 discloses nanoparticles based on human serum 
albumin, to which apolipoprotein E is coupled covalently or 
via an avidin/biotin system to enable the crossing of the 
blood-brain barrier. 

It is, however, a special aim of pharmacotherapy not only 
to achieve the specific enrichment of a pharmacologically 
active substance or a therapeutically effective medicinal 
substance in a specific tissue or organ, as described in 



EP 1 392 255, but in addition to that even in specific 
cells. 

Unmodified nanoparticles enable passive "drug targeting", 
which, is characterised by the particles being absorbed by- 
cells of the mononuclear phagocyte system (MPS) following 
intravascular application. Enrichment of such nanoparticles 
has been observed in macrophages of the liver, the spleen, 
the bone marrow, as well as in circulating monocytes. Pas- 
sive "drug targeting" is distinguished from active "drug 
targeting", which aims at the targeted enrichment of the 
active substance, with the aid of modified nanoparticles, 
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even in primarily inaccessible body compartments or cell 
systems. To this end, it is necessary to use nanoparticles 
with hydrophilic surface structures which minimise unspe- 
cific interactions with non-target cells, and to equip them 
with ligands which enable cell-specific enrichment of the 
nanoparticles. Such ligands are also called "drug targeting 
ligands". By using cell-specific nanoparticles as a carrier 
for medicinal substances it is made possible to enrich a 
pharmacologically active substance in target cells under 
controlled conditions, or to transport a pharmacologically 
active substance specifically to its site of action in the 
body. Most medicinal substances do not achieve this object 
without a suitable medicinal form and exhibit, at best, a 
cellular enrichment or body distribution which is due to 
the physicochemical properties of the active substance it- 
self. Only part of the active substance applied reaches the 
desired destination, while the remaining part is responsi- 
ble for unwanted side effects or toxic effects. Thus, cell- 
specific nanoparticles contribute to reducing unwanted side 
effects and toxic properties of active substances. 

In initial trials, hydrophilic latex particles were used 
which had been prepared by copolymerisation of hydroxyethyl 
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methacrylate, methacrylic acid and methyl methacrylate . To 
these particles was bound an antibody to rabbit y-globulin. 
In comparison to unmodified particles, it was observed that 
the ant ibody -modi f ied preparation bound to lymphocytes 
which had been pre- incubated with a rabbit -derived antise- 
rum to these lymphocytes • 

Subsequently, corresponding particle systems based on poly- 
acrylates, with ion oxide additionally bound thereto, were 
used in order to carry out a magnetic separation of lympho- 
cytes and erythrocytes* 

On the basis of this basic work, monoclonal anti-CD3 anti- 
bodies were then bound via a C7 spacer structure to poly- 
acrylate nanopart icles , and these were examined under cell 
culture conditions. The problem with these works was, how- 
ever, that the association of the cells with the subpopula- 
tions, and thereby the observed particle association with 
the corresponding subpopulation, was carried out entirely 
visually under the microscope and could thus not be made 
without doubt . 

The adsorptive binding of monoclonal antibodies to the sur- 
face of polyhexyl cyanoacrylate nanoparticles was examined 
as well. On the one hand, an effective adsorption of anti- 
bodies to the particle surface could be observed, on the 
other hand the addition of further serum components re- 
sulted in a competitive displacement of the antibodies from 
the particle surface. Insofar, the adsorptive binding of 
ligands is not suitable for cell-specific drug targeting in 
biological systems . 

A further disadvantage of the described cell-specific 
nanoparticle systems is the fact that they are based on 



polymer materials, such as latex and polyacrylates, that 
are not biologically degradable. 

Initial trials on the protein-chemical binding of antibod- 
ies to the surface of serum albumin-based nanoparticles 
have been made. In these trials , the antibodies were conju- 
gated via the primary amino groups of the albumin and of 
the antibodies, using the glutaraldehyde reaction. As 
ligands, monoclonal antibodies to Lewis lung carcinoma as 
well as, by comparison, unspecific IgG antibodies were em- 
ployed. Although the free specific antibody exhibited a 
clear enrichment in the target cells both under cell cul- 
ture conditions and after intravenous application to test 
animals, after conjugation with the nanoparticles only a 
very low enrichment of the particles was detected in the 
tumour under in viva conditions. The main portion of the 
applied nanoparticles was found in the liver and the kid- 
neys. Nanoparticles which were conjugated with the unspe- 
cific IgG antibody showed no enrichment in the tumour tis- 
sue whatsoever. Under the experimental conditions selected 
it was thus only possible to achieve a low specificity of 
the conjugated nanoparticles based on human serum albumin. 
The main part of this particle system exhibited the unspe- 
cific body distribution typical for passive drug targeting. 
However, since the conjugated nanoparticles employed were 
only insufficiently characterized with regard to the bind- 
ing of the antibodies, it remains unclear whether the lack 
of specificity was caused by insufficient antibody binding. 
In, any case, to date no evidence has been produced for a 
specific and receptor-mediated absorption of nanoparticles 
in target cells with simultaneous circumvention of non- 
target cells . 

It was thus the object of the present invention to provide 
nanoparticles that do not have the disadvantages of the 
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above-described nanoparticle systems but show a high cell 
specificity even when used in biological systems, in order 
to enable enrichment of pharmacologically active substances 
specifically in selected target cells, and that are based 
on a biologically degradable material. 

The object is achieved, surprisingly, by a carrier system 
in the form of avidin-modif ied protein-based nanoparticles 
to which biotinylated antibodies are bound by forming a 
stable avidin-biotin complex. Preferably, gelatine and/or 
serum albumin, especially preferably human serum albumin, 
is /are used as proteins. With these modified nanoparticles, 
additional bonding of pharmacologically active substances 
to the nanoparticles can take place both covalently, by 
complex formation via the avidin-biotin system, as well as 
by incorporation or adsorption. 

Figure 1 shows the structure of an avidin-modif ied nanopar- 
ticle based on gelatine or HSA, with an antibody bound by 
means of the avidin-biotin complex. 

Figure 2 is a bar chart showing the cellular absorption of 
antibody (Trastazumab) -modified gelatine A nanoparticles in 
various breast cancer cell lines, determined by FACS analy- 
sis. The antibody-modified nanoparticles were in each case 
compared with the non-modified nanoparticles under the same 
incubation conditions. Untreated cells served as control. 

To prepare nanoparticles according to the invention, an 
aqueous gelatine solution was converted, by a double desol- 
vation procedure, to nanoparticles, and the latter were 
subsequently stabilised by crosslinking . The functional 
groups (amino groups, carboxyl groups, hydroxyl groups) lo- 
cated on the surface of these nanoparticles can be con- 
verted to reactive thiol groups by means of suitable re- 



agents. Functional proteins can be bound to these thiol 
group -modified nanoparticles by means of bifunctional 
spacer molecules which are reactive both to amino groups 
and to free thiol groups* These functional proteins in- 
clude, in particular, avidin derivatives or cell-specific 
antibodies* 

When preparing the nanoparticles for the cell culture tests 
described hereinbelow, the primary amino groups on the par- 
ticle surface were reacted with 2-iminothiolane, which re- 
sulted in the introduction of free thiol groups on the par- 
ticle surface. The amino groups of the avidin derivative 
NeutrAvidin™ were activated with the bifunctional spacer 
Sulf o-MBS (m-maleimidobenzoyl-N-hydroxysulf osuccinimide es- 
ter) , and after column-chromatographic purification of this 
activation intermediate stage the thiolated gelatine 
nanoparticles were added thereto. This intermediate product 
of the avidin-modif ied nanoparticles represents a universal 
carrier system for a variety of biotinylated substances 
which can be bound via the avidin-biotin complex formation. 

For bonding of the antibodies, preferably of monoclonal an- 
tibodies, the antibodies were either purchased in bioti- 
nylated form, or they were biotinylated by means of conver- 
sion with EOHS biotin (N-hydroxysuccinimidobiotin) , and the 
avidin-modif ied nanoparticles were added thereto. Thereby, 
antibody-modified nanoparticles based on gelatine were ob- 
tained via the above-described avidin-biotin complex forma- 
tion (Figure 1) . Corresponding antibody-modified nanoparti- 
cles may, however, also be prepared on the basis of serum 
albumin, preferably human serum albumin. 

The present invention thus comprises a carrier system for 
the cell-specific, intracellular enrichment of at least one 
pharmacologically active substance, which carrier system is 



present in the form of protein-based nanoparticles and com- 
prises structures that are coupled by means of reactive 
groups, said structures enabling a cell- specif ic attachment 
and cellular absorption of the nanoparticles. Gelatine 
and/ or serum albumin, especially preferably human serum al- 
bumin, are preferably taken into consideration as the pro- 
tein basis. The reactive group preferably is an amino, 
thiol, carboxyl group, or an avidin derivative, and the 
coupled structure is an antibody, especially preferably a 
monoclonal antibody . 

The invention also encompasses a corresponding carrier sys- 
tem which additionally contains at least one pharmaceutic 
cally active substance that is bound by adsorption, incor- 
poration or covalent or complexing bonds to the carrier 
system or nanoparticles by means of the reactive groups* 

The invention further encompasses the use of a carrier sys- 
tern according to the invention for producing a medicament 
for enrichment of a pha rmac eutically active substance to or 
into specific cells. 

The invention further encompasses a method for producing a 
carrier system in the form of protein-based nanoparticles 
for the cell-specific enrichment of at least one pharmac eu- 
tically active substance which comprises the following 
steps : 

Desolvating an aqueous protein solution, 
stabilising the nanoparticles formed by the desol- 
vation by crosslinking, 

converting part of the functional groups on the 
surface of the stabilised nanoparticles to reactive 
thiol groups, 

covalent ly attaching functional proteins, prefera- 
bly avidin, by means of bifunctional spacer mole- 
cules. 



8 



if required, biotinylating the antibody, 

loading the avidin-modif ied nanoparticles with the 

biotinylated antibody, 

loading the avidin-modif ied nanoparticles with a 
biotinylated and pharmaceutical ly or biologically 
active substance. 

With the method according to the invention, the use of 
gelatine and/or serum albumin, especially serum albumin of 
human origin, is especially preferred. 

Preferably, desolvation is carried out by stirring and ad- 
dition of a water-miscible non- solvent for proteins, or by 
salting-out. The water-miscible non-solvent for proteins 
is preferably selected from the group comprising ethanol, 
methanol, isopropanol and acetone. 

To stabilise the nanoparticles, thermal processes or bi- 
functional aldehydes, especially glutaraldehyde or formal- 
dehyde, are used with preference. 

* » 

As the thiol group -modifying agent, preferably a substance 
is used which is selected from the group comprising 
2-iminothiolane, a combination of l-ethyl-3- (3-dimethyl- 
aminopropyl) carbodiimide and cysteine, or a combination of 
l-ethyl-3- ( 3 - dime thy laminopropyl) carbodiimide and cystamin- 
ium dichloride as well as dithiotreitol . 

As the bifunctional spacer molecule, preferably a substance 
is used that is selected from the group comprising m-mal- 
eimidobenzoyl-N-hydroxysulf osuccinimide ester, sulf osuc- 
cinimidyl-4- [N-maleimido-methyl] eye lohexane - 1 - c arboxy late, 
sulf osuccinimidyl-2- [m-azido-o-nitrobenzamido] -ethyl - 
1,3 'dithiopropionate, dimethyl-3 , 3 ' -dithiobispropion- 



imidate-dihydrochloride and 3,3' -dithiobis [sulfo- 
succinimidyl propionate] . 

Example : 

To prepare protein nanoparticles, 50 0 mg gelatine A was 
dissolved in 10.0 ml purified water while heating, and pre- 
cipitated to a sediment by adding 10.0 ml acetone. The pre- 
cipitated gelatine was separated, redissolved in 10.0 ml 
water while heating, and the pH value of the solution was 
adjusted to pH 2.5. Nanoparticles were obtained from this 
solution by dropwise addition of 30 ml acetone (desolvation 
process) • 

The nanoparticles were stabilised by adding 625 ill glu- 
taraldehyde 8% and stirring over night. The nanoparticles 
were purified in aliquot s of 2 . 0 ml by means of 5 cycles of 
centrif ugation and redispersion by means of ultrasound 
treatment. For thiolation of the particle surface, 2.5 ml 
of a solution of 30 mg 2-iminothiolane (Traut's reagent) in 
Tris-buffer pH 8.5) was added to 1.0 ml of nanoparticle 
suspension (20 mg/ml), and this was stirred for 24 h. Fol- 
lowing the thiolation, the purification as described above 
was repeated. 

The avidin derivative FITC-NeutrAvidin™ was coupled with 
the thiolated nanoparticles via the bifunctional spacer 
Sulf o-MBS (m-maleimidobenzoyl-N-hydroxysulf osuccinimide es- 
ter) . To activate the avidin derivative, 0.75 mg sulf o-MBS 
was added to a solution of 2.5 mg FITC-NeutrAvidin™ in 
500 ul PBS buffer pH 7.0, and this was stirred for 1 h at 
room temperature. The separation of unreacted sulf o-MBS 
from the activated NeutrAvidin™ was made by size exclusion 
chromatography. Those fractions wherein NeutrAvidin™ was 
detected by a spectrophotometric detection at 280 nm were 
combined, the suspension of the thiolated nanoparticles was 
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added thereto , and this was stirred for 12 h at room tem- 
perature, A further purification of the now covalently 
FITC-NeutrAvidin™-modif ied nanoparticles was performed as 
described above. The supernatant s obtained from the parti- 
cle purification were photometrically examined for unbound 
NeutrAvidin™, and the portion of covalently bound NeutrA- 
vidin™ was calculated therefrom. The functionality of the 
bound NeutrAvidin™, expressed as the number of the biotin 
binding sites per avidin molecule , was determined by a ti- 
tration experiment with biot in-4 - f luore scein . It was shown 
that 2.4 of the 4 biotin binding sites theoretically pre- 
sent in the avidin molecule are also functionally available 
after the conjugation with the nanoparticles. For loading 
with the antibodies, 500 ill of the biotinylated antibodies 
(25 iigVml) were added to 150 ill of the NeutrAvidin™- 
modified nanoparticles (20 mg/ml) # followed by incubation 
for 90 min at 10 °C. 

After incubation, the particles were again purified by cen- 
trifugation and redispersion. The resultant particle super- 
natants were examined for unbound antibodies by Western- 
Blot analysis. It was shown that more than 80 % of the an- 
tibody employed was present bound to the particle system. 

With the aid of the described particle system, cell- 
specific particle enrichments were found in different cell 
culture tests in target cells which carried the surface an- 
tigen recognised by the antibody. The following cell cul- 
ture models were used: 

1. Lymphocytic target cells (Jurkat T cells) with the 
surface antigen CD3 . 

Nanoparticles were loaded with a biotinylated anti-CD3 
antibody. 



2. Human breast cancer cell lines (SK-Br-3-, MCF-7-, 

BT474 cells) with expression of the HER2 surface anti- 
gen) 

Nanoparticles were loaded with the approved antibody 
Trastuzumab (Herceptin®) , which had previously been 
biot inylated . 

The cultured cells were incubated with the nanoparticle 
system in concentrations between 100 and 1000 jig/ml, and 
after an incubation time of 4 h unbound nanoparticles were 
separated by washing the cells. The cells were examined by 
flow cytometry (FACS) as well as confocal microscopy (CLSM) 
with regard to nanoparticle absorption. 

For the experiments on the cell-specific absorption of the 
biotinylated-anti-CD3 -antibody-modified nanoparticles in 
lymphocytic cells, Jurkat-T cells were sown in a density of 
1 x 10 6 cells per well onto a 24-well microtitre plate and 
cultured in RPMI medium. The medium was supplemented with 
10% (vol/vol) fetal calve serum (FCS) , 2% L-glutamine and 
1% penicillin/streptomycin. The nanoparticles modified with 
the antibody were incubated with the cells at a concentra- 
tion of 1000 yig/ml for a period of 4 h. To prove a specific 
cellular absorption via the T cell receptor, different con- 
trol experiments were performed. On the one hand, nanopar- 
ticles were used which were loaded with unspecif ic IgG an- 
tibodies instead of the specific anti-CD3 antibodies. Fur- 
thermore, the experiments were performed with Jurkat T 
cells which were pre incubated with 2.5 jig free IgG or anti- 
CD3 antibodies per 1 x 10 6 cells for 3 0 min. After this pe- 
riod, the nanoparticles loaded with the anti-CD3 antibody 
were added. On the other hand, comparative experiments were 
carried out using MCF-7 cells which did not have the CD3 
surface antigen. The cellular absorption was evaluated 
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ciualitatively by means of confocal microscopy as well as 
quantitatively by means of flow cytometry. 

For the experiments on the cell- specif ic absorption of the 
biotinylated-anti-HER2 -antibody-modified nanoparticles in 
breast cancer cells, HER2 -over expressing cells (BT474 and 
SK-Br-3) were sown in a density of 2 x 10 5 # respectively 1 
x 10 5 , cells per well onto a 24-well microtitre plate and 
cultured in RPMI medium and McCoy's 5 A, respectively. The 
medium of the BT474 was supplemented with 20% (vol/vol) fe- 
tal calve serum (FCS) , 2% L -glut amine, 1% penicil- 
lin/streptomycin and 100 U insulin. The medium of the SK- 
Br-3 was supplemented with 10% (vol/vol) fetal calve serum 
(FCS) , 2% L - glut amine and 1% penicillin/ streptomycin. The 
antibody-modified nanoparticles were incubated with the 
cells at a concentration of 100 v^g/ml for a period of 3 h. 
To prove a specific cellular absorption via the HER2 recep- 
tor, different comparison experiments were performed. On 
the one hand, nanoparticles were used which were not loaded 
with a specific antibody. On the other hand, the experi- 
ments were made with MCF-7 cells (normal HER2 expression) . 
Furthermore, control experiments were carried out with SK- 
Br-3 cells which were pre-incubated for 30 min with 
2.5 iig/nLL free anti-HER2 antibodies (Trastuzumab) per 2 x 
10 5 cells. After this period, the nanoparticles loaded with 
the anti-HER2 antibody were added. The cellular absorption 
was evaluated qualitatively by confocal microscopy as well 
as quantitatively by means of flow cytometry. 

Results 

Lymphocytic target cells (Jurkat T cells) 

It was shown both by FACS and CL.SM that nanoparticles were 
cellularly absorbed which were used in a form modified with 
the cell-specific anti-CD3 antibody. The cellular absorp- 
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tion could be avoided where the cells were treated with the 
free specific antibody prior to adding the particles, Pre- 
treatment with free unspecific IgG antibodies, however , did 
not reveal any influence on particle absorption. Modifica- 
tion of the nanoparticles with an unspecific IgG antibody 
instead of the specific anti-CD3 antibody likewise did not 
lead to absorption in the target cells* Control experiments 
were furthermore performed with breast cancer cells (MCF-7 
cells) which did not have the CD3 surface antigen. Xn these 
control experiments no absorption of the nanoparticle 
preparations was observed under any of the selected condi- 
tions . 

Human breast cancer cell lines (SK-Br-3- , MCF-7 BT474 
cells) 

The cells which were used showed to a different extent an 
expression of the HER2 surface antigen, which was used as 
point of attack for cellular absorption of the antibody- 
modified nanoparticles. Expression of the cells was deter- 
mined prior to incubation with the nanoparticles by West- 
ern-Blot analysis (Table 1) . 



Cell line Expression HER2 

m 

BT474 311 
MCF-7 100 
SK-Br-3 366 



Table 1: Expression of the HER2 surface antigen on the 
surface of different tumour cells determined by Western- 
Blot analysis. Expression was calculated relative to the 
values of ^normally expressing" MCF-7 cells. 
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Both by FACS as well as CLSM, it could be shown that 
nanoparticles were cellularly absorbed which were used in 
the form modified with the cell-specific antibody Trastuzu- 
mab (Figure 2) . The cellular absorption of the specific 
nanoparticles could be prevented where the cells were 
treated with the free specific antibody prior to addition 
of the particles. Nanoparticles of the same batch which 
were not used in the form modified with the biotinylated 
antibody exhibited only a low cellular enrichment under the 
conditions selected. The extent of the cellular absorption 
of the antibody-modified nanoparticles could be correlated 
with the extent of the expression of the HER2 surface anti- 
gen . 

The results of the aforementioned cell culture experiments 
clearly show that antibody-modified nanoparticles based on 
gelatine enable a specific enrichment in the target cells. 
Under comparable conditions the particle systems are ab- 
sorbed only in the corresponding target cells, but not in 
control cells. The preincubations with free specific anti- 
body clearly show that particle absorption takes place via 
a process of receptor-mediated endocytosis. Thus, the 
nanoparticulate medicinal agent carrier system which has 
been developed affords the possibility of transporting me- 
dicinal substances specifically to diseased cells, provided 
that these target cells differ in their surface properties 
from healthy cells. 

With the antibody-modified nanoparticles based on gelatine 
according to the invention there is provided a well- 
characterised, particulate carrier system which by means of 
a functional drug targeting ligand carried on the surface 
of said carrier system enables a cell-specific absorption 
and enrichment even of such pharmaceutic ally active sub- 
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stances as are bound to the carrier system by adsorption, 
incorporation or by covalent or complex- forming bonds. 



